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A transient voltage suppressor 1s disclosed that includes an
clectrode, a substrate disposed on the electrode, the substrate
having a first doping, an epitaxial layer disposed on the
substrate, the epitaxial layer having a second doping that 1s
different from the first doping, a channel formed in the
epitaxial layer having a width W, a length L and a plurality
of curved regions, the channel forming a plurality of adja-
cent sections, the channel having a third doping that is
different from the first doping and the second doping and a

metal layer formed on top of the channel and contained
within the width W of the channel.
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SPIRAL TRANSIENT VOLTAGE
SUPPRESSOR OR ZENER STRUCTURE

TECHNICAL FIELD

The present disclosure relates generally to integrated
circuits, and more specifically to a spiral well and terminal
structure for a transient voltage suppressor or Zener diode
device that provides for increased power handling capabil-

1ty.
BACKGROUND OF THE INVENTION

Transient voltage suppressors, such as a Zener diode, are
generally low power devices.

SUMMARY OF THE INVENTION

A transient voltage suppressor 1s disclosed that includes
an electrode and a substrate disposed on the electrode. The
substrate has a first doping, and an epitaxial layer disposed
on the substrate that has a second doping diflerent from the
first doping. A channel 1s formed in the epitaxial layer
having a width W, a length L and a plurality of curved
regions, and the channel forms a plurality of adjacent
sections. The channel has a third doping that 1s different
from the first doping and the second doping. A metal layer
1s formed on top of the channel and 1s contained within the
width W of the channel.

Other systems, methods, features, and advantages of the
present disclosure will be or become apparent to one with
skill 1in the art upon examination of the following drawings
and detailed description. It 1s intended that all such addi-
tional systems, methods, features, and advantages be
included within this description, be within the scope of the
present disclosure, and be protected by the accompanying

claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

Aspects of the disclosure can be better understood with
reference to the following drawings. The components 1n the
drawings may be to scale, but emphasis 1s placed upon
clearly illustrating the principles of the present disclosure.
Moreover, 1n the drawings, like reference numerals desig-
nate corresponding parts throughout the several views, and
in which:

FIG. 1 1s a diagram of a device with a long junction edge,
in accordance with an example embodiment of the present
disclosure:

FIG. 2 1s a diagram of a device with an intermediate
junction edge, 1n accordance with an example embodiment
of the present disclosure;

FIG. 3 1s a diagram of a device with a junction edge, in
accordance with an example embodiment of the present
disclosure:

FIGS. 4A-4E are diagrams of stages i an integrated
circuit fabrication process, 1 accordance with an example
embodiment of the present disclosure; and

FIG. 5 15 an algorithm for an integrated circuit fabrication
process, 1n accordance with an example embodiment of the
present disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In the description that follows, like parts are marked
throughout the specification and drawings with the same
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reference numerals. The drawing figures may be to scale and
certain components can be shown in generalized or sche-
matic form and identified by commercial designations 1n the
interest of clarity and conciseness.

The present disclosure 1s directed to a low voltage, high
power transient voltage suppressor, Zener diode or other
suitable device architecture, such as for use in applications
where the power rating of the device 1s 500 watts or greater.
The present disclosure provides a device with a low capaci-
tance and low leakage current, due to the use of low levels
of doping. In contrast, the typical design of a transient
voltage suppressor uses high doping concentrations in the
substrate, and the die size 1s used to control the power rating
of the device.

By providing a device with a long edge through the use of
long curved structures, 1n addition to the use of lower doping
levels, the present disclosure allows more power to be
handled by the device. In one example, the present disclo-
sure uses cylindrical curvature to avoid problems caused by
prior art spherical curvature architectures. A cylindrical
curvature architecture provides a constant curvature, so that
the device sees bends as straight ends. By providing a large
ratio of the radius of curvature versus the depth 1nto silicon,
a uniform breakdown characteristic 1s provided.

In addition, the present disclosure uses control of the
alpha coeflicient to spread breakdown. As a device 1n
accordance with the present disclosure gets hot, breakdown
increases with temperature and spreads. At low voltage and
high concentrations, the device operates 1n Zener mode, and
when the device gets hot, the breakdown voltage {falls,
creating localized hot spots. At high voltage and low con-
centration, the device operates in avalanche mode, and when
the device gets hot, the breakdown voltage level rises, this
results 1n spreading power that smooths out localized hot-
spots. For use with a power transient voltage suppressor, at
low voltage, a Zener diode 1s acceptable at low power, but
an avalanche diode works better at high power.

In order to accomplish these objective, the present dis-
closure uses a spiral contact area. The use of the spiral
geometry allows for a constant distance from edge to edge
and from section to section, which helps to minimize local
heating. The spiral geometry also eliminates sharp corners
that can produce localized breakdown. The long edge path of
a spiral design allows high power applications to be sup-
ported. Control of breakdown 1s accomplished by control-
ling the ratio of the electrode junction curvature to the width
of the electrode, such that the current flow regions slightly
overlap when the device 1s 1n Zener breakdown mode.

For a silicon device, the doping of the substrate can be an
N++ doping level using phosphorus, arsenic, antimony or
other suitable N++ materials. An epitaxial layer can then use
an N+ doping level using phosphorus, arsenic, antimony or
other suitable N+ doping materials. An electrode with a P+
doping level can then be formed using boron, aluminum or
other suitable P+ matenals. A screening oxide layer 1s then
formed to reduce defect formation, and a photo resist layer
1s then formed to implant the P+ electrode doping. The
device 1s then annealed to activate the dopant, and a passi-
vation oxide layer such as an N-type semi-insulating
polycrystalline silicon (SIPOS) or doped silicon oxide can
be formed. A layer of photoresist 1s then applied and etched
to form the metal contacts and metal base, such as using a
barrier metallization process with titamium, nickel, silver or
other suitable materials.

Manufacturing of low voltage, high power (=500 W)
transient voltage suppressors can be accomplished using
high concentration dopants, which results 1n high capaci-
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tance and high leakage. In the case of low voltage Zener
diodes, voltage control can be accomplished by junction
curvature, to allow for lower concentration epitaxial layers
that provide lower capacitance and leakage. One disadvan-
tage of the Zener structure 1s that the edge breakdown has
low power transient power capabilities, because the break-
down 1s confined to the area of the curvature, which 1s small
compared to the area of the die. The present disclosure
provides a long junction edge, which results 1n a larger
breakdown region and higher power handling capabailities.

FIG. 1 1s a diagram of a device 100 with a long junction
edge, 1n accordance with an example embodiment of the
present disclosure. Device 100 can be fabricated using
silicon, germanium, galllum arsenide, using metal-oxide
semiconductor processes and materials, or 1n other suitable
manners.

Device 100 includes metal layer 102, which 1s formed on
top of a suitable doped region, such as a P+ doped region
that forms a channel 1n an N+ epitaxial layer 114 over an
N++ substrate or other suitable device architectures. Metal
layer 102 has a thickness “W,” a length “L” that 1s substan-
tially greater than the thickness, and includes curved regions
104, 106, 108 and 110, and terminates at curved region 112.
The distance “S” between the adjacent metal layers and their
associated underlying doped regions 1s constant at all adja-
cent locations, within a predetermined manufacturing toler-
ance that 1s selected as a function of device application,
voltage, power and other design constraints. Typically, a
higher tolerance 1s required for applications that require a
higher voltage or a higher power rating. The use of the spiral
geometry of device 100 provides for a constant distance
from edge to edge of metal layer 102 as well as from section
to section, which helps to minimize local heating. Because
sharp corners are avoided, localized breakdown can be
reduced or minimized. The long edge path of device 100
allows operation at higher power.

FIG. 2 1s a diagram of a device 200 with an intermediate
junction edge, 1 accordance with an example embodiment
ol the present disclosure. Device 200 can be fabricated using
silicon, germanium, gallium arsenide, using metal-oxide
semiconductor processes and materials, or in other suitable
manners.

Device 200 includes metal layer 202, which 1s formed on
top of a suitable doped region, such as a P+ doped region
that forms a channel 1n an N+ epitaxial layer 210 over an
N++ substrate or other suitable device architectures. Metal
layer 202 has a thickness “W,” a length “L” that 1s substan-
tially greater than the thickness “W” but shorter than the
length “L”” of the metal layer 102 of device 100, and includes
curved regions 204 and 206, and terminates at curved region
208. The distance “S” between the adjacent metal layers and
their associated underlying doped regions 1s constant at all
locations, within a predetermined manufacturing tolerance
that 1s selected as a function of device application, voltage,
power and other design constraints. Typically, a higher
tolerance 1s required for applications that require a higher
voltage or a higher power rating. The use of the spiral
geometry of device 200 provides for a constant distance
from edge to edge of metal layer 202 as well as from section
to section, which helps to minimize local heating. Because
sharp corners are avoided, localized breakdown can be
reduced or minimized. The long edge path of device 200
allows operation at higher power.

FIG. 3 1s a diagram of a device 300 with a junction edge,
in accordance with an example embodiment of the present
disclosure. Device 300 can be fabricated using silicon,
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germanium, gallium arsenide, using metal-oxide semicon-
ductor processes and materials, or in other suitable manners.

Device 300 includes metal layer 302, which 1s formed on
top of a suitable doped region, such as a P+ doped region
that forms a channel 1n an N+ epitaxial layer 310 over an
N++ substrate or other suitable device architectures. Metal
layer 302 has a thickness “W,” a length “L” that 1s substan-
tially greater than “W” but less than the length “L” of device
200, and includes curved regions 304, 306 and 308. The
distance “S” between the adjacent metal layers and their
associated underlying doped regions 1s constant at all loca-
tions, within a predetermined manufacturing tolerance that
1s selected as a function of device application, voltage,
power and other design constraints. Typically, a higher
tolerance 1s required for applications that require a higher
voltage or a higher power rating. The use of the spiral
geometry of device 300 provides for a constant distance
from edge to edge of metal layer 302 as well as from section
to section, which helps to minimize local heating. Because
sharp corners are avoided, localized breakdown can be
reduced or minimized. The long edge path of device 300
allows operation at higher power.

FIGS. 4A-4E are diagrams of stages in an integrated
circuit fabrication process, 1 accordance with an example
embodiment of the present disclosure. In FIG. 4A, an N++
doped semiconductor material layer 402 1s formed, typically
from a wafler of material that 1s grown from a crystal nto
ingots that are then sliced. The ingots can be formed from
N++ doped semiconductor material, or can be formed from
an undoped material and can be doped at a design doping
level as part of the manufacturing process, such as by
vapor-phase epitaxy or in other suitable manners.

In FIG. 4B, an N+ doped semiconductor material epitaxial
layer 404 1s formed on top of the N++ layer 402. In one
example embodiment, the N+ doped semiconductor material
layer 404 can be formed 1n the existing N++ layer 402 by
sealing the N++ layer 402 substrate with a low dopant thin
silicon film, such as one that 1s ~2 um thick or other suitable
thickness, and then growing the N+ doped semiconductor
material epitaxial layer 404 by controlling the dopant level
in the reaction chamber. The thin S1 seal can be sacrificial to
prevent auto-doping during the epitaxial growth process.
Likewise, other suitable processes can also or alternatively
be used.

In FIG. 4C, a screening oxide layer 406 1s formed on top
of the N+ layer 404. In one example embodiment, the
screening oxide layer 406 can be formed 1n the existing N+
layer 404 by exposing the N+ layer 404 to an oxidant or 1n
other suitable manners.

In FIG. 4D, P+ wells 408 and 410 are formed 1n N+ doped

semiconductor material epitaxial layer 404. In one example
embodiment, the P+ wells 408 and 410 have a width “W”
and can be formed by first depositing a layer of photoresist,
then etching the photoresist after using a mask and curing
the photoresist with a suitable light source to render 1t
amenable to removal with a first chemical agent, to form a
pattern that exposes the surface of screening oxide layer 406.
A vapor-phase epitaxial process, 1on-beam implantation or
other suitable processes can then be used to implant the P+
material. The device can then be annealed to activate the P+
dopant.

In FIG. 4E, metal contacts 412, 414 and 416 are formed.
In one example embodiment, the metal contacts 412 and 414
can be formed by depositing a layer of photoresist, using a
mask to form a pattern and then by curing the photoresist
using a suitable light source. The cured photoresist 1s then
removed with a chemical agent to form a pattern for metal
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contacts 412 and 414, or other suitable processes can also or
alternatively be used. Vapor-phase deposition, 1on-beam
implantation or other suitable processes can then be used to
form metal contacts 412 and 414 on the top of device 400
and metal contact 416 on the bottom of device 400, such as
from titanium, nickel, silver, other suitable metals or suitable
combinations ol metals. The device can then be quality
control ispected and tested to ensure that 1t functions
according to design requirements.

FIG. 5 1s an algorithm 300 for an integrated circuit
tabrication process, 1n accordance with an example embodi-
ment of the present disclosure. Algorithm 500 can be imple-
mented 1n conjunction with a programmable semiconductor
waler fabrication controller or 1n other suitable manners.

Algorithm 500 begins at 502, where an N++ doped

substrate 1s positioned 1n a semiconductor waiter fabrication
assembly. In one example embodiment, the substrate can be
formed from N++ doped material that 1s grown 1nto a ingot
and sliced, a neutral base material can be N++ doped by
vapor-deposition processing or other suitable processes can
also or alternatively be used. The algorithm proceeds to 504.

At 504, an N+ epitaxial layer 1s formed on top of the N++
substrate layer. In one example embodiment, the N+ epi-
taxial layer can be formed on the existing N++ layer 402 by
sealing the N++ layer 402 substrate with a low dopant thin
silicon film, such as one that 1s ~2 um thick or other suitable
thickness, and then growing the N+ doped semiconductor
maternal epitaxial layer by controlling the dopant level 1n the
reaction chamber. The thin S1 seal can be sacrificial to
prevent auto-doping during the epitaxial growth process.
Other suitable processes can also or alternatively be used.
The algorithm then proceeds to 506.

At 506, a screening oxide layer 1s formed on the top
surface of the N+ epitaxial layer, such as to protect the N+
epitaxial layer from defects arising from subsequent pro-
cessing steps. The algorithm then proceeds to 506.

At 508, a photoresist layer 1s formed to create a pattern or
design for P+ implementation. In one example embodiment,
the photoresist layer can be formed and a mask can then be
used with subsequent exposure to light to cure the photo-
resist layer. The cured photoresist layer can then be removed
with a suitable chemical agent to expose the pattern or
design, or other suitable processes can also or alternatively
be used. The algorithm then proceeds to 510.

At 510, the cured photoresist layer 1s etched to remove
photoresist from locations where a P+ layer will be
implanted. The algorithm then proceeds to 512.

At 512, the P+ layer 1s implanted, such as by exposing the
waler to predetermined levels of P+ material 1in vapor form,
using 1on beam implantation or 1n other suitable manners. In
one example embodiment, the concentration and exposure
time ol a vapor deposition process can be controlled to yield
a P+ layer having predetermined thickness and width param-
eters, or other suitable processes can also or alternatively be
used. The algorithm then proceeds to 514.

At 514, the water 1s annealed, to activate the P+ dopant
that was implanted. In one example embodiment, the water
can be transierred to an annealing chamber or other suitable
locations where the temperature i1s controlled to cause an
annealing process to occur. The algorithm then proceeds to
514.

At 516, a passivating oxide layer 1s formed, such as a
N-type SIPOS layer or other suitable passivating oxide
layers. The algorithm then proceeds to 518.

At 518, a photoresist layer 1s deposited and a mask 1s used
to form a pattern for metal contact deposition. The photo-
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resist layer can be cured after the mask has been deployed,
to form areas that can subsequently be etched. The algorithm
then proceeds to 520.

At 520, the photoresist layer 1s etched to remove cured
photoresist from predetermined areas to allow metal con-
tacts to be formed. The algorithm then proceeds to 522.

At 522, the metal contacts to the P+ layer and the base
N++ layer are formed by vapor deposition or other suitable
processes. The device 1s then subjected to quality control
testing, packaging and other suitable post-fabrication pro-
cessing.

In operation, algorithm 500 allows a spiral transient
voltage suppressor, Zener diode or other suitable device to
be manufactured that provides high power handling capa-
bilities. Although algorithm 500 1s shown as a flow chart,
one of ordinary skill in the art will recogmize that i1t could
also or alternatively be implemented using object-oriented
programming, a state diagram, a ladder diagram or 1n other
suitable manners, on one or more different processors.

In accordance with an example embodiment of the present
disclosure, a transient voltage suppressor 1s disclosed that
includes an electrode, a substrate disposed on the electrode,
the substrate having a first doping, an epitaxial layer dis-
posed on the substrate, the epitaxial layer having a second
doping that 1s different from the first doping, a channel
formed 1n the epitaxial layer having a width W, a length L
and a plurality of curved regions, the channel forming a
plurality of adjacent sections, the channel having a third
doping that 1s different from the first doping and the second
doping and a metal layer formed on top of the channel and
contained within the width W of the channel. In other
example embodiments of the transient voltage suppressor,
the first doping 1s an N++ doping, the second doping 1s an
N+ doping, the third doping 1s a P+ doping, the channel
forms a closed loop, the channel extends more than 360
degrees 1n a spiral starting from a center point, the channel
extends more than 180 degrees 1n a spiral starting from a
center point, the channel extends more than 90 degrees 1n a
spiral starting from a center point and the channel maintains
a constant distance from edge to edge 1n adjacent sections.

In another example embodiment, a method of manufac-
turing a transient voltage suppressor comprising forming a
substrate having a first doping, forming an epitaxial layer on
the substrate, the epitaxial layer having a second doping that
1s different from the first doping, forming a channel in the
epitaxial layer having a width W, a length L and a plurality
of curved regions, the channel having a plurality of adjacent
sections, the channel having a third doping that 1s different
from the first doping and the second doping and forming a
metal layer on top of the channel that 1s contained within the
width W of the channel. In other example embodiments, the
method includes the first doping 1s an N++ doplng,] the
second doping 1s an N+ doping, the third doping 1s a P+
doping, the channel forms a closed loop, the channel extends
more than 360 degrees in a spiral starting from a center
point, the channel extends more than 180 degrees 1n a spiral
starting {from a center point, the channel extends more than
90 degrees 1n a spiral starting from a center point, the
channel maintains a constant distance from edge to edge 1n
adjacent sections.

As used herein, the singular forms “a”, “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises” and/or “comprising,” when
used 1n this specification, specily the presence of stated
features, integers, steps, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one




US 11,600,730 B2

7

or more other features, integers, steps, operations, elements,
components, and/or groups thereof. As used herein, the term
“and/or” includes any and all combinations of one or more
ol the associated listed items. As used herein, phrases such
as “between X and Y and “between about X and Y should
be interpreted to include X and Y. As used herein, phrases
such as “between about X and Y mean “between about X

and about Y.” As used herein, phrases such as “from about
X to Y” mean “from about X to about Y.”

As used herein, “hardware” can include a combination of
discrete components, an integrated circuit, an application-
specific itegrated circuit, a field programmable gate array,
or other suitable hardware. As used herein, “software” can
include one or more objects, agents, threads, lines of code,
subroutines, separate software applications, two or more
lines of code or other suitable software structures operating
in two or more software applications, on one or more
processors (where a processor includes one or more micro-
computers or other suitable data processing units, memory
devices, mput-output devices, displays, data input devices
such as a keyboard or a mouse, peripherals such as printers
and speakers, associated drivers, control cards, power
sources, network devices, docking station devices, or other
suitable devices operating under control of software systems
in conjunction with the processor or other devices), or other
suitable software structures. In one exemplary embodiment,
software can include one or more lines of code or other
suitable software structures operating in a general purpose
soltware application, such as an operating system, and one
or more lines of code or other suitable software structures
operating 1n a specific purpose soltware application. As used
herein, the term “couple” and its cognate terms, such as
“couples” and “coupled,” can include a physical connection
(such as a copper conductor), a virtual connection (such as
through randomly assigned memory locations of a data
memory device), a logical connection (such as through
logical gates of a semiconducting device), other suitable
connections, or a suitable combination of such connections.
The term *““data™ can refer to a suitable structure for using,
conveying or storing data, such as a data field, a data bufler,
a data message having the data value and sender/receiver
address data, a control message having the data value and
one or more operators that cause the receiving system or
component to perform a function using the data, or other
suitable hardware or software components for the electronic
processing of data.

In general, a software system 1s a system that operates on
a processor to perform predetermined functions 1n response
to predetermined data fields. A software system 1s typically
created as an algorithmic source code by a human program-
mer, and the source code algorithm 1s then compiled into a
machine language algorithm with the source code algorithm
functions, and linked to the specific mput/output devices,
dynamic link libraries and other specific hardware and
solftware components of a processor, which converts the
processor from a general purpose processor 1into a specific
purpose processor. This well-known process for implement-
ing an algorithm using a processor should require no expla-
nation for one of even rudimentary skill in the art. For
example, a system can be defined by the function 1t performs
and the data fields that 1t performs the function on. As used
herein, a NAME system, where NAME 1s typically the name
of the general function that i1s performed by the system,
refers to a soltware system that 1s configured to operate on
a processor and to perform the disclosed function on the
disclosed data fields. A system can receive one or more data
inputs, such as data fields, user-entered data, control data 1n
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response to a user prompt or other suitable data, and can
determine an action to take based on an algorithm, such as
to proceed to a next algorithmic step if data 1s received, to
repeat a prompt 1 data 1s not received, to perform a
mathematical operation on two data fields, to sort or display
data fields or to perform other suitable well-known algo-
rithmic functions. Unless a specific algorithm 1s disclosed,
then any suitable algorithm that would be known to one of
skill 1n the art for performing the function using the asso-
ciated data fields 1s contemplated as falling within the scope
of the disclosure. For example, a message system that
generates a message that includes a sender address field, a
recipient address field and a message field would encompass
soltware operating on a processor that can obtain the sender
address field, recipient address field and message field from
a suitable system or device of the processor, such as a buller
device or bufler system, can assemble the sender address
field, recipient address field and message field into a suitable
clectronic message format (such as an electronic mail mes-
sage, a TCP/IP message or any other suitable message
format that has a sender address field, a recipient address
field and message field), and can transmit the electronic
message using electronic messaging systems and devices of
the processor over a communications medium, such as a
network. One of ordinary skill 1n the art would be able to
provide the specific coding for a specific application based
on the foregoing disclosure, which 1s intended to set forth
exemplary embodiments of the present disclosure, and not to
provide a tutorial for someone having less than ordinary skall
in the art, such as someone who 1s unfamiliar with program-
ming or processors in a suitable programming language. A
specific algorithm for performing a function can be provided
in a flow chart form or 1n other suitable formats, where the
data fields and associated functions can be set forth 1n an
exemplary order ol operations, where the order can be
rearranged as suitable and 1s not intended to be limiting
unless explicitly stated to be limiting.

It should be emphasized that the above-described embodi-
ments are merely examples ol possible implementations.
Many variations and modifications may be made to the
above-described embodiments without departing from the
principles of the present disclosure. All such modifications
and vaniations are intended to be included herein within the
scope of this disclosure and protected by the following
claims.

What 1s claimed 1s:

1. A transient voltage suppressor, comprising;:

an electrode;:

a substrate disposed on the electrode, the substrate having,
a first doping;

an epitaxial layer disposed on the substrate, the epitaxial
layer having a second doping that 1s different from the
first doping;

a continuous parallel channel formed 1n the epitaxial layer
having a width W, a length L, a plurality of parallel
regions, and a plurality of curved regions, the parallel
channel having a plurality of adjacent sections to form
a closed spiral loop, the parallel channel having a third
doping that i1s different from the first doping and the
second doping; and

a metal layer formed on top of the parallel channel and
contained within the width W of the parallel channel.

2. The transient voltage suppressor of claim 1 wherein the

first doping 1s an N++ doping.

3. The transient voltage suppressor of claim 1 wherein the

second doping 1s an N+ doping.
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4. The transient voltage suppressor of claim 1 wherein the
third doping 1s a P+ doping.
5. The transient voltage suppressor of claim 1 wherein the
parallel channel extends more than 360 degrees in a spiral
starting from a center point.
6. The transient voltage suppressor of claim 1 wherein the
parallel channel extends more than 180 degrees 1n a spiral
starting from a center point.
7. The transient voltage suppressor of claim 1 wherein the
parallel channel extends more than 90 degrees in a spiral
starting from a center point.
8. The transient voltage suppressor of claim 1 wherein the
parallel channel maintains a constant distance from edge to
edge 1n adjacent sections.
9. A transient voltage suppressor, comprising:
an electrode;
a substrate disposed on the electrode, the substrate having
a first doping;

an epitaxial layer disposed on the substrate, the epitaxial
layer having a second doping that 1s different from the
first doping;

a parallel channel formed in the epitaxial layer having a

width W, a length L, a plurality of parallel regions, and
a plurality of curved regions, the parallel channel
having a plurality of continuous adjacent sections to
form a closed spiral loop, the parallel channel having a
third doping that 1s different from the first doping and
the second doping.

10. The transient voltage suppressor of claim 9 wherein
the first doping 1s an N++ doping.

11. The transient voltage suppressor of claim 9 wherein
the second doping 1s an N+ doping.

12. The transient voltage suppressor of claim 9 wherein
the third doping 1s a P+ doping.
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13. The transient voltage suppressor of claim 9 wherein
the parallel channel extends more than 360 degrees 1n a
spiral starting from a center point.

14. The transient voltage suppressor of claim 9 wherein
the parallel channel extends more than 180 degrees 1n a
spiral starting from a center point.

15. The transient voltage suppressor of claim 9 wherein
the parallel channel extends more than 90 degrees 1n a spiral

starting from a center point.

16. The transient voltage suppressor of claim 9 wherein
the parallel channel maintains a constant distance from edge
to edge 1n adjacent sections.

17. A transient voltage suppressor, comprising:

an electrode;

a substrate disposed on the electrode, the substrate having,
a first doping;

an epitaxial layer disposed on the substrate, the epitaxial

layer having a second doping that 1s different from the
first doping;

a parallel channel formed 1n the epitaxial layer having a
width W, a length L, a plurality of parallel regions, and
a plurality of curved regions, the parallel channel
having a first section and turning 180 degrees to form
a second section that 1s adjacent to the first section to
form a closed spiral loop, the parallel channel having a
third doping that 1s different from the first doping and
the second doping.

18. The transient voltage suppressor of claim 17 further
comprising a metal layer formed on top of the parallel
channel and contained within the width W of the parallel
channel.
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